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(571 ABSTRACT

Pulses generated by each of two normally synchro-
nized oscillators are combined into a single pulse per
cycle by feeding them to a monostable multivibrator
and by differentiating the output signal of the mono-
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1
PULSE GENERATING MEANS

This is a continuation of application Ser. No.
161,260, filed July 7, 1971, now abandoned, which is a
continuation of 741,680, filed July 1, 1968, aban-
doned.

This invention relates to novel means for generating
a train of electric pulses, and more particularly it re-
lates to such means employing redundant oscillators.

In view of the increasing importance of reliability,
redundancy is becoming increasingly popular in the
electric power art. Properly designed redundant sys-
tems promote reliability by affording a ‘‘second
chance” in the event of a single component failure in
the system. For example, in an uninterruptible power
system using static inverters to supply reliable, high
quality electricity to critical a-c loads, the inverters can
be controlled by means of pulse-like signals derived
from a master clock comprising redundant oscillators
either of which alone will ensue continuity of service if
the other were to fail.

The use of a redundant pair of oscillators in a pulsing
control circuit presents a potential problem of false
operation due to mismatched oscillators. The control
circuit is intended to be activated only once each oper-
ating cycle of the oscillators. But so long as both oscil-
lators are in service, their respective pulses may acti-
vate the circuit twice a cycle, thereby causing a serious
malfunction of the apparatus being controlled.

A partial solution to this problem is to so synchronize
the separate oscillators that their respective pulses are
produced virtually simultaneously. However, it is diffi-
cult to precisely coordinate the operating cycles of two
oscillators, and in any event improperly timed pulses
are possible under certain transient conditions. Ac-
cordingly, the objective of our invention is to provide
improved pulse-generating means in which the risk of
erroneous operation due to sequential pulses from re-
dundant oscillators is minimized.

In carrying out our invention in one form, we insert
between a redundant pair of oscillators and the suc-
ceeding control circuitry a monostable multivibrator
that is triggered by a pulse from whichever oscillator
operates earliest each cycle and that is unresponsive to
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the operation of the other oscillator for a predeter-

mined interval of time thereafter. Consequently, the
latter oscillator does not need to operate simulta-
neously with the naturally faster oscillator; the mono-
stable multivibrator will ignore or blank out the pulse
from the second oscillator and will produce only a
single output signal per cycle for the succeeding cir-
cuitry. If either oscillator were to fail, the monostable
multivibrator will continue producing its output signal
in response to pulses received from the remaining
sound oscillator alone.

The present invention will be-better understood and
its various objects and-advantages will be more fully
appreciated from the following description taken in
conjunction with the accompanying drawing in which:

FIG. 1 is a functional block diagram of a preferred
embodiment of our improved pulse generating means;

FIG. 2 is a time chart of various signals identified by
the letters A through D in FIG. 1; and

FIG. 3 is a schematic circuit diagram of a monostable
multivibrator and differentiator useful in the pulse gen-
erating means shown in block form in FIG. 1
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In FIG. 1 a bistable multivibrator 10, known popu-
larly as a flip-flop, is controlled by a train of pulses
derived from a pair of duplicate oscillators 11 and 12.
The oscillator 11 is designed cyclically to generate a
first discrete control signal A having a controllable
frequency of repetition (e.g., 720 hertz), and the re-
dundant oscillator 12 is designed to operate at approxi-
mately the same frequency for cyclically generating a
second discrete contro!l signal B. Each oscillator is
preferably characterized by very good frequency stabil-
ity. Either control A or B is intended to cause activa-
tion of the bistable multivibrator 10 once each operat-
ing cycle of the corresponding oscillator, whereby the
multivibrator 10 alternately flips and flops in synchro-
nism with the oscillators. The bistable multivibrator 10
is used in a conventional manner to control the opera-
tion of succeeding circuitry and apparatus (not shown).
With this arrangement failure of either one of the oscil-
lators will not disturb continued operation of the con-
trolled apparatus.

Separate alarms 11a and 12a are respectively asso-
ciated with the oscillators 11 and 12 to indicate an
oscillator failure so that the defective component can
be replaced before any trouble develops in the remain-
ing sound one.

Under normal operating conditions, when both of the
oscillators 11 and 12 are generating their respective
control signals A and B at approximately the same
frequency, it is important that only a single activating
pulse D be supplied to the bistable multivibrator 10
each cycle. If a surplus or extraneous pulse were al-
lowed to reach the bistable multivibrator 10, the latter
component would prematurely flip or flop, thereby
causing misoperation of the succeeding circuitry and
apparatus. To reduce this possibility, the two oscillators
11 and 12 are normally synchronized so that they oper-
ate substantially in unison. The synchronizing or iner-
locking means can take any suitable form, such as the
cross coupling shown symbolically at 13 and 14 in FIG.
1. Useful examples will be found in the disclosures of
prior art patents such as U.S. Pat. No. 3,297,955-Corey
et al, and in publications such as the General Electric
SCR Manual, pages 79-80 (4th ed., 1967).

With the synchronizing means just described, which-
ever oscillator has the higher natural operating fre-
quency will actuate the other, whereby the respective
control signals A and B are generated almost simulta-
neously. This is illustrated in FIG. 2, where it is as-
sumed that the second oscillator 12 is the slower one
and hence is slaved to the first oscillator 11. Thus the
control signals B are shown lagging slightly the control
signals A for the first two operating cycles illustrated.
Even this slight time discrepancy between the signals A
and B is enough to risk malfunction of the bistable
multivibrator. 10 if it were activated dlrectly by the
oscillator outputs. Furthermore, there is always the
possibility of a control signal B being generated at an
even less propitious time due to erratic behaviour of
the oscillator 12 or of the synchronizing means itself.
For example, if an initial control signal were generated
by the second oscillator on being returned to service
following removal for repair or replacement purposes,
an extra signal might appear at any time between two
consecutive control signals A. Vit

In accordance with our invention, the p0551b111ty of
such a malfunction -is minimized by ‘interposing be-
tween the bistable multivibrator 10 and the redundant
pair of oscillators 11,12 a monostable multivibrator 15
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which will now be described. The monostable multivi-
brator 15 is in effect a pulse stretcher. Its input is con-
nected to both of the oscillators 11 and 12 via an OR
logic circuit 16, and it is triggered by either of the
control signals A and B. When triggered, the monosta-
ble multivibrator 15 immediately produces an output
signal C which is automatically sustained for at least a
predetermined delay time, and any other control signal
applied to its input during that time will not affect this
component. Consequently only a single output signal C
will be produced by the monostable multivibrator 15
during each operating cycle of the redundant oscilla-
tors 11 and 12.

The operation of the monostable multivibrator 15 is
clearly illustrated in FIG. 2. Periodically it produces a
single output signal C when triggered by the control
signal A that is generated earliest in each operating
cycle of the oscillators. Once produced, the output
signal C continues for a predetermined interval of time
that is selected to be an appreciable fraction of the
length of an operating cycle of the oscillators, and
while the signal C subsists the monostable multivibrator
is unresponsive to any control signal B. As is shown in
FIG. 2 by way of example, the width of each output
signal C exceeds 50 per cent of the period of the oscil-
lators. While this is longer than needed in the normal
course of steady state operation, it is desirable in prac-
tice because of possible transient disturbances.

Since a bistable multivibrator 10 of conventional
design is properly activated by relatively short pulses, it
is desirable to differentiate the long output signal C of
the monostable multivibrator 15. For this purpose a
differentiating means 17 is included in the pulse gener-
ating means. As is shown in FIG. 1, the differentiating
means 17 is connected to the output of the monostable
multivibrator 15, and as is indicated in FIG. 2 it gener-
ates an electric signal D of short duration in response to
the leading edge of each output signal C. The train of
pulses D is used to activate the bistable multivibrator
10.

It will be apparent from FIG. 2 that whereas both of
the cyclic control signals A and B are synchronously
generated under normal conditions, the pulse stretch-
ing effect of the monostable multivibrator ensures that
only one activating pulse D per cycle is supplied to the
bistable multivibrator. If the slower oscillator 12 were
to fail, the activating pulses D will continue without
change. If the faster oscillator 11 were to fail, the acti-
vating pulses D will experience only a minor distur-
bance in timing. To depict the effect of losing the faster
oscillator, the third and fourth operating cycles illus-
trated in FIG. 2 have been shown without control sig-
nals A.

FIG. 3 illustrates detailed circuitry of a collector-cou-
pled monostable multivibrator 15 that has been advan-
tageously used in a practical embodiment of our inven-
tion. The collector of a normally off transistor 21 is
coupled to the base X of a normally on transistor 22 by
way of a normally charged capacitor 23. The collector
of transistor 22 and the base of transistor 21 are cross
coupled by a resistor 24. The normally on transistor 22
spans positive and negative control power terminals to
which it is connected by means of a collector resistor
25 and an emitter diode 26. Two resistors 27 and 28 are
connected in series between the collector of the nor-
mally off transistor 21 and the positive control power
terminal, and a pair of diodes 29 are connected be-
tween the emitter of this transistor and the negative
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4
control power terminal. A resistor 30 that has a rela-
tively high value of resistance is connected from the
base X of transistor 22 to the positive control power
terminal, and another resistor 31 is connected from the
base of transistor 21 to the negative control power
terminal.

The circuitry just described has only one perma-
nently stable state and one quasi-stable state, and it is
characterized by fast interstate transitions. In its stable
state, the transistor 21 is off and there is no current in
the resistors 27 and 28. The junction of these resistors
is where the output signal C of the monostable circuit
appears (shown with inverted polarity in FIG. 2), and
since there is no voltage drop across resistor 27 while
the circuit is in its stable state, there is normally no
output signal.

The monostable multivibrator 15 shown in FIG. 3 is
induced to make a transition out of its stable state by
applying to the base of transistor 21 a positive trigger-
ing signal which turns on this transistor (preferably into
saturation). The triggering signal comprises either of
the control signals A and B which are respectively
generated by the oscillators 11 and 12. These signals,
which are spikes of positive voltage (e.g., 15-volt
peaks, 4-microsecond widths), are respectively fed to
the transistor 21 via associated isolating diodes 16a and
16b and a common coupling capacitor 32. As soon as
the transistor 21 is turned on by a triggering signal from
either source, its collector potential falls to approxi-
mately that of the negative control power terminal, and
because of capacitor 23 the normally on transistor 22 is
immediately driven completely below cutoff. When the
transistor 22 stops conducting, the cross coupling be-
tween its collector and the base of transistor 21 ensures
that the latter remains forward biased so long as transis-
tor 22 is off even though the original triggering signal
has expired. While transistor 21 is on, current exists in
the output resistor 27 and the voltage across it abruptly
drops with respect to the positive control power termi-
nal. The monostable circuit is now in its quasi-stable
state and produces the output signal C (having a 10-
volt magnitude, e.g.). Once the circuit has switched to
this quasi-stable state, a later triggering signal is inef-
fectual. -

The circuit will remain in its quasi-stable state for
only a predetermined delay time because the base X of
transistor 22 is connected to the positive control power
terminal through the resistor 30 which provides a path
for gradually discharging the capacitor 23. When the
potential at X rises to the cut-in voltage of transistor
22, this transistor begins conducting again and a regen-
erative action will take place, turning off transistor 21
and eventually returning the circuit to its initial stable
state which continues until the next triggering signal is
received. The time duration of the quasi-stable state,
and hence the width of the output signal C (e.g., 800
microseconds), depends on the time constant of the
series circuit comprising resistor 30 and capacitor 23. If
desired, variable impedance can be used to automati-
cally vary this parameter as an inverse function of the
operating frequency of the oscillators 11 and 12,
whereby the delay time remains an approximately con-
stant fraction of the length of an operating cycle of the
oscillators.

The output signal C of the monostable multivibrator
15 is reconverted to an electric signal of relatively short
duration by differentiating means 17 which in FIG. 3 is
shown as an R-C circuit 41, 42 connected between C
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and the base of a normally off transistor 43. The emit-
ter of the transistor 43 is connected via a diode 44 to
the positive control power terminal, and the collector
of this transistor is connected via two resistors 45 and
46 to the negative control power terminal. A resistor 47
is connected between the base and the emitter of the
transistor 43 as shown, and a diode 48 across this resis-
tor shunts the discharge current of capacitor 42.

The voltage developed across resistor 46 when the
transistor 43 is on comprises the activating signal D for
the bistable multivibrator 10 of FIG. 1. The transistor
43 is turned on in response to the leading edge of the
monostable output signal C. Transistor 43 remains
forward biased for the short time (e.g., 10 microsec-
onds) required by the capacitor 42 to charge up follow-
ing the drop in voltage across resistor 27,

While the presently preferred form of our invention
has been shown by way of illustration, many modifica-
tions will no doubt occur to those skilled in the art. For
example, the train of pulses D can be used to activate
other bistable multivibrators in addition to the one
shown in FIG. 1. We therefore contemplate by the
claims which conclude this specification to cover all
such modifications as fall within the true spirit and
scope of our invention.

What we claim as new and desire to secure by Letters
Patent of the United States:

1. In combination first and second parallel phase
locked redundant oscillators having approximately the
same natural frequency and bistable circuit means hav-
ing an input, each of said oscillators generating a train
of triggering pulses of such short duration with respect
to its repetition rate or operating cycle that it is possible
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that during one operating cycle a pulse from one oscil-
lator will fail to overlap with a pulse from the other
oscillator and cause said bistable means to separately
trigger in response to the pulse from each oscillator
over said one operating cycle, wherein the improve-
ment comprises: means electrically coupled to the
input of said bistable circuit means and responsive to
the train of pulses from each of said oscillators for
insuring that only one pulse during each operating
cycle is supplied to the input of and triggers said bista-
ble circuit means and any second non-overlapping
pulse during said each operating cycle is inhibited from
the input of and prevented from triggering said bistable
circuit means.

2. The circuit combination of claim 1 in which the
responsive means ¢omprises a monostable multivibra-
tor responsive to the triggering pulse generated earliest
each cycle for producing an output signal that subsists
for at least a predetermined delay time, said monosta-
ble multivibrator being unresponsive to any later trig-
gering pulse generated during said predetermined delay
time.

3. The circuit combination of claim 2 in which said
predetermined delay time is an appreciable fraction of
the length of the operating cycle of said oscillators.

4. The circuit combination of claim 2 including dif-
ferentiating means connected between said monostable
multivibrator and said bistable circuit means for con-
verting the leading edge of each output signal to a
relatively short electric signal which activates said bis-

table circuit means.
* %k * * *



